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ACUTE TOXICITY OF Β-KITIN EXTRACTED FROM THE SHELL OF BLUE SWIMMING CRAB 
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ABSTRACT 

Objective: This work aimed to study the acute toxicity of β-chitin extracted from crab shells in Bal b/c mice.  

Method: The acute toxicity test was performed by following the OECD guidelines. Female mice were given single or divided doses of β-chitin 
(maximum 24 h) with doses of 500, 1000, 2000, 4000, and 6000 mg/kg of BW. Observations were made for 14 d, including behaviour, body weight, 
organ weight, and histopathology of vital organs (stomach, heart, liver, kidney, and lung).  

Results: During 14 d, no deaths and no abnormalities in behaviour, bodyweight or organ weight were observed. Qualitative histopathological 
observations at the highest dose showed abnormalities of the liver and kidney compared to those of the control group. Nevertheless, the 
abnormalities did not affect the organ function.  

Conclusion: This acute toxicity study reveals that β-chitin up to a dose of 6000 mg/kg of BW is not toxic, as proved by the normal behaviour, body 
weight, and vital organ weight of the animals. Further chronic toxicities study is needed to confirm its safety. 
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INTRODUCTION  

Chitin is a polysaccharide that is commonly found as a constituent of 
crustacean shells. Chitin activity has been investigated in various studies, 
including as anti-tumor [1], anti-cancer [2], anti-inflammatory [3], and to 
prevent gastric ulcers [4]. Blue swimming crab, as one of the chitin-
producing crustacean groups, generally produces polymorphic α-forms 
[5]. By extracting twice using NADES solvent, crabs can produce chitin in 
the form [6]. Compared to the α-form, β-chitin can swell better in water, 
alcohol and alcohol amines [7]. There is not much literature regarding 
the activity of β-chitin. However, β-chitin hydrogel together with 
nanosilver and nano ZnO, which are formulated in the form of wound 
dressings or bandages, have advantages such as blood clotting ability, 
antibacterial activity, and can heal wounds in rats faster so that they 
have the potential for wound healing [8-9]. Feeding chitin up to 5% of 
the total diet for 13 w did not show any mortality in mice; however, the 
histopathological results for the five main organs were not yet available 
[10]. Thus, this work studied the acute toxicity of β-chitin with 
observations including body weight and histopathology of the heart, 
stomach, lungs, liver and kidneys. 

MATERIALS AND METHODS 

Materials  

Microwave oven Rewez multifunction, sentrifuge (80-1 table top low 
speed centrifuge), Blue swimming crab shell originated from Gunung 
Jati Cirebon with size ranges 13-15 cm, Choline chloride (Salus 
Nutra Inc), DL-malic acid (Salus Nutra Inc). Mice (Balb/c) strains 
aged 5-6 w weighing 20-24 grams were obtained from Bos Tikus 
Animal Center for Research, Surakarta, Indonesia. This study has 
obtained approval from the animal ethics committee with number 
541/UN6. KEP/EC/2020. Histopathological observations using an 
Olympus CX33 microscope and ImageJ software. 

Methods 

β-chitin extraction 

Blue swimming crab shell powder (mesh-60) was homogenized with 
NADES (1:20). NADES consists of choline chloride and DL-malic acid 
(1:1) molar ratio. The mixture was heated in the microwave at 700w 

for 9 min. To reduce excess heat, it was taken out from the microwave 
every minute for 3 sec. NADES were separated by centrifugation and 
the precipitate was taken and then washed with distilled water [11]. β-
chitin was obtained by re-extracted using the same procedure [6]. 

Acute toxicity 

Mice were adapted for seven days with a day-night cycle of 12 h 
each. After acclimatization, mice were divided into β-chitin dose 
groups of 500, 1000, 2000, 4000 and 6000 mg/kg BW and control. 
Each group consisted of 5 female mice (according to Frederer’s 
formula) with an even distribution of bodyweight not exceeding 
20% of the average body weight [12]. Mice fasted for 3 h while still 
being given access to drink. Samples were given to mice orally in one 
administration or no more than 24 h if repeated. Observations were 
made for 14 d covering animal behaviour and body weight.  

Observation parameters 

Observations of test animals were carried out continuously for the 
first 30 min after administration of the preparation. Observations 
were continued every 4 h for 24 h. After 24 h, observations were 
made every day for 14 d. Observations included changes in skin and 
coat color, eyes and backward walking behavior. In addition, the 
animals also observed tremor, convulsion, salivation, diarrhea, 
lethargy, sleep, coma and mortality. Each parameter observed will 
be compared with the control group (Na. CMC 2%) [13]. Bodyweight 
of mice was weighed on day one and day 14 to see the effect of β-
chitin administration on body weight. 

Histopathology 

Each group used three mice to take vital organs as samples for 
histopathological analysis. The test was carried out at the Animal 
Biosystem Laboratory, Department of Biology, Padjadjaran 
University using the HE (hematoxylin-eosin) staining technique. The 
test organs include the stomach, heart, liver, kidneys and lungs. 
Quantitative observations of each organ included the number of 
normal cells, necrosis and apoptosis. Qualitative observations had 
hydropic degeneration, fat degeneration, inflammatory cell 
infiltration, bleeding. In addition, additional observations of the 
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glomerulus and Bowman's capsule in the kidney, central vein and 
sinusoid observations in the liver. In qualitative observations, 
scoring is carried out to be calculated quantitatively [14]. 

Histopathology scoring  

0 = Normal 

1 = Focal 

2 = Diffuse 

Centralis vein scoring 

0 = Normal 

1= Lesion 

Sinusoid scoring 

0 = Normal 

1 = Dilatation  

Glomerulus scoring 

0 = Normal 

1 = Atrophy 

Analysis 

The results were analyzed using SPSS.24 software. All data were 
tested for normality and continued with a significance difference 
test. The Wilcoxon test analyzed the follow-up test of mice's body 
weight on the first and last days of observation. The analysis was 
carried out by comparing the relative organ weight percentage given 
to the sample with the control to see the effect of β-chitin 
administration on organ weight. In addition, the analysis of relative 
organ weight percentage and histology were analyzed using a two-
way independent test if the data were normal and the Mann-
Whitney test if the data was not normal. The following formula 
calculates the percentage of organ weight:  

Relative organ weight percentage = �
organ weight
Bodyweight

� × 100% 

RESULTS  

Toxicity is one of the safety parameters that must be known if a 
substance is used in daily life. The first type of safety testing 
performed is the acute toxicity test. Acute toxicity will evaluate the 
side effects of a substance that will occur when an organism is 
exposed to a single dose or divided doses for 24 h via a known route 
of administration, for example, orally. 

  

Table 1: Body weight of mice before and on the 14th day after administration of β-chitin (n=5) 

Group (mg/kg BW) BW D_1 (g) BW D_14 (g) Increase in Weight 
500 20.00±0.00 22.30±1.37* 2.29±1.23 
1000 20.40±0.55 23.00±0.57* 2.56±0.93 
2000 21.00±0.00 23.50±1.03* 2.49±0.92 
4000 22.00±0.00 22.62±1.81* 0.62±1.62# 
6000 23.00±0.00 26.48±1.12* 3.48±1.00 
Control 23.40±1.34 26.14±2.39* 2.74±2.18 

*p value<0.05 vs 1st day body weight per dose group; #p value<0.05 vs control 
 

Table 2: Relative organ weight (%) (n=5) 

Group (mg/kg BW) Relative organ weight (%) 
Stomach Heart Liver Kidney Lung 

500 1.13±0.04 0.52±0.09 5.45±0.65 1.51±0.24 1.12±0.23 
1000 1.11±0.11 0.52±0.10 6.33±0.84 1.47±0.11 1.00±0.20 
2000 1.26±0.11 0.50±0.10 5.33±0.58 1.43±0.15 1.12±0.13 
4000 1.23±0.17 0.50±0.04 6.01±0.69 1.39±0.12 0.99±0.16 
6000 1.21±0.16 0.46±0.05 5.62±0.81 1.50±0.16 1.13±0.07 
Control 1.23±0.10 0.49±0.07 6.16±1.43 1.55±0.16 1.07±0.10 

*p value<0.05 vs control 
 

Table 3: Quantitative and qualitative of heart, gastric, and lung histopathology (n=3) 

Group 
 

Quantitative test Qualitative test 
Normal cell Necrosis Apoptosis Hydropic 

degeneration 
Fatty 
degeneration 

Inflammatory cell 
infiltration 

Bleeding 

HEART        
500  924.33±2.49 32.67±2.87 43.00±0.82 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
1000  928.33±3.09 32.00±1.41 39.67±1.70 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
2000  921.33±2.05 36.00±1.63 42.67±2.05 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
4000  912.67±1.70 40.00±1.63* 47.33±2.62 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
6000 907.00±6.16 44.00±2.45* 49.00±3.74 1.33±0.47 1.33±0.47 1.00±0.00 1.67±0.47 
Control 920.67±5.79 32.33±2.62 47.00±3.74 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
STOMACH 
500  925.00±2.45* 33.00±2.45 42.00±2.45 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
1000  922.33±2.05* 39.00±0.82 38.67±1.25* 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
2000  921.67±2.05 42.33±2.49 36.00±2.45* 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
4000  913.00±2.45 49.33±1.89* 37.67±1.25* 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
6000 897.00±2.16* 57.67±3.40* 45.33±1.25 1.67±0.47 1.67±0.47 1.33±0.47 1.67±0.47 
Control  918.00±1.41 37.67±2.49 44.33±1.25 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
LUNG 
500  924.67±3.68 35.67±1.70 39.67±2.62 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
1000  914.33±2.05* 41.67±2.05 44.00±2.45 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
2000  913.00±0.82* 45.00±2.45* 42.00±1.63 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
4000  909.33±4.03* 46.33±2.49* 44.33±1.70* 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 
6000 900.33±3.40* 53.67±1.25* 46.00±2.16* 1.33±0.47 1.33±0.47 1.00±0.00 1.67±0.47 
Control  925.00±3.74 36.00±2.45 39.00±1.41 1.00±0.00 1.00±0.00 1.00±0.00 1.00±0.00 

*p value<0.05 vs control 
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Table 4: Quantitative and qualitative of liver and kidney histopathology (n=3) 

Group Quantitative test Qualitative test 
Normal cell Necrosis Apoptosis Hydropic 

degeneration 
Fatty 
degeneration 

Inflammatory 
cell infiltration 

Central 
vein 

Sinusoid Bleeding 

Liver          
500  885.67±1.25 54.33±2.87 60.00±1.63 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
1000  880.33±1.25 61.33±4.64 58.33±3.40 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
2000  881.00±3.56 64.33±6.18 54.67±5.31 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
4000  861.00±12.03 81.67±5.79 57.33±6.80 1.33±0.47 1.33±0.47 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
6000 851.67±7.59* 92.67±7.36* 55.67±2.62* 1.67±0.47 1.33±0.47 1.00±0.00 0.33±0.47 0.33±0.47 1.00±0.00 
Contr
ol 

883.33±8.06 48.33±5.31 68.33±3.68 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 

Kidney 
Group Normal cell Necrosis Apoptosis Hydropic 

degeneration 
Fatty 
degeneration 

Inflammatory 
cell infiltration 

Glomerulus  Bowman’s 
Capsule 

Bleeding 

500  904.00±4.97* 48.67±2.49* 47.33±2.87 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
1000  909.67±4.11 49.67±7.13 40.67±3.09 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
2000  903.00±6.98 53.67±4.99* 43.33±2.05 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
4000  891.00±4.32* 63.33±2.87* 45.67±5.79 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 
6000 886.00±1.41* 72.33±3.30* 41.67±2.05 1.33±0.47 1.00±0.00 1.00±0.00 0.33±0.47 0.00±0.00 1.33±0.47 
Contr
ol 

914.33±1.25 41.33±2.49 44.33±2.62 1.00±0.00 1.00±0.00 1.00±0.00 0.00±0.00 0.00±0.00 1.00±0.00 

*p value<0.05 vs control 

 

Control 500  1000  2000 4000 6000 

      

      

      

      

      

Fig. 1: Histology of control group and dose of β-chitin 500, 1000, 2000, 4000 and 6000 mg/kg BW with HE staining (A=Atrophy, 
AL=Alveolus, B=Bleeding, CB=Bowman's capsule, CV=Central Vein, FD= Fatty degeneration, Gm=Glomerulus, HD=Hydropic degeneration, 

ICI= Inflammatory cell infiltration, NE=Necrosis, NO=Normal, S= Sinusoid). a) Stomach organ, obj., 10x, (b) Heart organ, obj., 100x, (c) 
Liver organ, obj., 40x, (d) Kidney organ, obj., 40x, (e) Lung organ, obj., 40x. All organs using ocular lens magnification 12x 

 

DISCUSSION 

There are several methods for testing acute toxicity, including 
traditional LD50, approved fixed-dose procedure (FDP), acute toxic 
class (ATC) method and up and down procedure (UDP) [15]. The 

acute toxicity test method of β-chitin in this study followed the acute 
toxic class method from the Organization for Economic Cooperation 
and Development (OECD) guidelines, where the highest dose to 
cause LD50 was 5000 mg/kg. The advantages of the ATC method 
include the use of a small number of test animals, reproducible 

a 

b 

c 

d 

e 
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testing methods, and being able to see the level of toxicity the same 
as other procedures [16]. Acute toxicity testing does not need to be 
continued if the test animals can survive at doses above 5000 mg/kg 
[17]. Because chitin has safe properties [18], the highest dose used 
was 6000 mg/kg (more than 5000 mg/kg) [15]. Giving the highest 
dose of β-chitin of 6000 mg/kg to mice did not show any behavioral 
changes such as changes in skin and fur color, eyes, backward 
walking behavior, tremor, convulsion, salivation, diarrhea, lethargy, 
sleep, and coma. No deaths were found up to a dose of 6000 mg/kg 
BW of chitin administration; from these results, β-chitin has 
practically non-toxic properties [12]. Table 1 shows a significant 
increase in the body weight of mice in all groups from day 1 to day 
14. It shows that the administration of β-chitin did not reduce the 
appetite of the mice. The statistical test (table 2) showed that all the 
relative percentages of organ weight (stomach, heart, liver, kidneys, 
and lungs) were not significantly different compared to the control 
group. To ensure the state of the organs, then proceed with 
histopathological tests on all organs. 

The number of normal cells at a dose of 6000 mg/kg BW in all 
organs showed a significant decrease compared to the control group. 
An increase followed this in the number of necrotic cells. Although 
the liver, stomach and lungs have increased apoptotic cells, this is a 
normal process in every living organism. Apoptosis is a process of 
cell death that occurs naturally and is programmed. It is different 
from necrosis which occurs due to cell damage by pathogens or 
toxins [19]. Factors causing necrosis are caused by extreme 
physicochemical stress such as osmotic pressure, mechanical stress, 
heat, and freeze-thawing [20]. The high number of necrotic cells at a 
dose of 6000 mg/kg BW probably occurs due to mechanical stress 
arising from the insoluble characteristics of chitin, so that chitin 
accumulates in organs and is difficult to excrete. It was found that 
the low solubility of a substance increases its toxicity [21]. Cell 
necrosis is characterized by loss of cell membrane integrity, 
cytoplasmic swelling, rounded cells [22]. From Tables 3 and 4, it can 
be seen that all doses of β-chitin in all organs did not show 
significant differences compared to the control group. It shows that 
although there was more necrosis than the control group, the 
administration of β-chitin had no significant impact on the 
qualitative observations. From fig. 1 it can be seen that there are 
significant differences in the liver and kidneys between the 6000 
mg/kg BW dose group and the control group in liver and kidney. 
These differences include the greatest CV widening in the liver and 
the appearance of the glomerulus in the kidney has an irregular 
shape and shrinks. Due to the lack of information about chitin, the 
cause of histopathological abnormalities in the liver, kidneys, and 
other organs is still unclear and requires further research. 

CONCLUSION 

Qualitative histopathological observations at the highest dose of β-
chitin, although showed abnormalities of the liver and kidney 
compared to those of the control group, did not affect the organ 
function. This acute toxicity study reveals that β-chitin up to a dose 
of 6000 mg/kg of BW is not toxic, as proved by the normal 
behaviour, body weight, and vital organ weight of the animals. 
Further chronic toxicities study is needed to confirm its safety. 
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